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This study aims to determine the docking predictions for RAR, RXR, and ROR
in the bone remodeling pathway using Haematococcus, which is the highest
carotenoid-producing microalgae. Furthermore, it determines the projection of
using this carotenoid-producing alga in bone development. Carotenoids include
provitamin A and non-provitamin A, which are predicted to replace vitamin A
in bone control. It is also required in silico proof of carotenoids' function of bone
remodeling control. Furthermore, molecular and visualization docking validation
was conducted using PyRx and Discovery Studio Visualizer software respectively.
According to binding affinity and RMSD value, each biomarker compound had
particular binding sites on RARao, RARP, RORp, and RORy. Astaxanthin was
the only compound with binding sites on all four receptors. Through enzymatic
action, provitamin A carotenoids can serve as a precursor to retinol, allowing
them to act as a native RXR ligand. Therefore, the biomarker compound used
in Haematococcus pluvialis can replace the role of vitamin A in the regulation of
fish bones. The prediction of bone regulation in biomarker compounds through
the RAR-RXR pathways inhibited osteoblast and osteclast. Otherwise, VDR-RXR
pathways regulated osteoclast maturation and osteoblast mineralization.
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1. Introduction predation and normal larval growth (Basaran et al.
2009).
Vitamin A is an essential nutrient highly required

in bone growth. By regulating chondrocyte activity,

The idea behind a culture is to exploit manipulated
environmental factors and mimic natural conditions

to keep fish larvae and seeds alive and healthy.
However, there are challenges with the advancement
of fish farming technologies, one of which is the
high prevalence of bone malformations. These
bone complications are common in cultivated fish,
including grouper (Nagano et al. 2007), sea bream
(Andrades et al. 1996), snapper (Chatain 1994;
Fraser and De Nys 2005), fish flounder (Gavaia et al.
2009), and a variety of other species. Since 1982, the
incidence of bone malformations in cultured fish has
been discovered in zebrafish (Danio rerio) (Newsome
and Piron 1982). The problem of bone malformation
is still a major concern, particularly in types of fish
consumption. Furthermore, losses are caused by the
high proportion of bone malformations, and this is
attributed to the high mortality caused by disrupted
natural larval movement, which affects the rate of
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cell maturation, and proliferation, vitamin A regulates
skeletogenesis and cartilage growth (Kochhar 1973;
Harada et al. 1995; Koyama et al. 1999). There are
some inconsistencies in the administration of
vitamin A to the body. Since the deficiency may
interrupt organogenesis (See et al. 2008) and excess
may induce deformity in fish (Haga 2002), vitamin A
should be supplied in a controlled dosage.

The administration of a single compound in the
treatment of illness is very successful, but it has side
effects when used for an extended period. A dietary
solution based on raw materials containing some
active ingredients can affect the body's processes.
Carotenoids are vitamin A precursors needed in the
visual cycle and gene control of many developmental
and physiological processes (Grune et al. 2010).
Furthermore, carotenoids are C40 terpenoids, that
are part of the hydrocarbon class synthesized by
all photosynthetic species (Bacteria, fungi, and
plants) (Nisar et al. 2015). Under stressful conditions,
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Haematococcus pluvialis is a freshwater microalga
from the Chlorophyceae family that produces
carotenoids (Shah et al. 2016). Also, the carotenoids
with high concentrations in H. pluvialis include lutein,
zeaxanthin, violaxanthin, carotene, and carotene
(Rangga et al 2009). Astaxanthin is the most abundant
in H. pluvialis, accounting for 70%, 30%, and 4% of the
monoester, diester, and free structure respectively
(Johnson and An 1991). Astaxanthin has been widely
used as an antioxidant and radical scavenger (Naguib
2000; Dose et al. 2016). However, the involvement of
astaxanthin or other carotenoid compounds in bone
modulation has not been studied.

Retinoic acid receptor (RAR) and retinoic X
receptor (RXR) are nuclear receptors that bind to
DNA, regulating cellular functions such as growth,
differentiation, and metabolism. Furthermore, both
RAR and RXR have 3 subtypes a, B, v (Le Maire et al.
2019; de Almeida and Conda-Sheridan 2019). Vitamin
A activation is regulated by binding with retinoic acid
(RARs) and X receptors (RXRs). They are activated by
two stereoisomers of retinoic acid, both trans and
cis retinoic acids. RXR and RAR act as transcription
regulators. RAR-agonist activation was conducted
through heterodimerization with RXR (Zhang et
al. 2011). Meanwhile, RXR can act as a homodimer
on its own (Menéndez-Gutiérrez and Ricote 2017),
and through heterodimerization with other nuclear
receptors, it regulates osteoclastogenesis and bone
remodeling (bone formation) (NR). Furthermore,
the RXR forms heterodimers with RAR, VDR, and
thyroid hormone receptors (TR). These interactions
that occur are permissive to RXR, and it does not react
to the ligand (Forman et al. 1995) but runs up to a
certain context for the ligand partner (Li et al. 2002;
Castillo et al. 2004).

In addition to RAR and RXR, retinoids can bind to
retinoid-related orphan receptors (RORs), which do
not form heterodimers with RXR. Furthermore, ROR
controls gene expression by forming monomers that
bind to thereaction elements (ROREs)in the promoter

region (Jetten 2009). RORs are also made up of three
isoforms a, P, v, and are believed to bind to retinoids.
ROR P in cultivated murine osteoblasts has been
shown to eliminate mineralization and to decrease
osteocalcin and osterix mRNA expression (Roforth
et al. 2012). ROR is also linked to the metabolism of
osteoblasts, and mice lacking it have irregular bone
growth (Benderdour et al. 2011).

The function of carotenoids in bone regulation
can be illustrated in silico. Furthermore, the docking
of the compounds on H. pluvialis was accomplished
using RARs (o, B, v), RXRa (receptors in the liver
and kidney), and RORs (a, B, v). This study aims
to predict the docking relationship between H.
pluvialis biomarker compounds (astaxanthin, lutein,
zeaxanthin, violaxanthin, carotene, and carotene)
and RARs (a, B, v), RXR (receptor in liver and kidney),
RORs (a, B, v). Also, it determines the projection of
using Haematococcus in bone development.

2. Materials and Methods

2.1. Molecule Structure Preparation

RARa (NDB: 3KMR), RARB (NDB: 4DMS8), RARy
(NDB: 2LDB), RXRa (NDB: 4ZSH), RORc. (NDB: 1N83)
RORB (NDB: 1N4H), and RORy (NDB: 5K38) were
used as macromolecules (Figure 1). Furthermore,
water and congenital ligan should be eliminated
before docking. All trans (PubChem CID: 444795)
and 9 cis retinoic acid (PubChem CID: 449171) were
use as native ligan (Figure 2). Astaxanthin (PubChem
CID: 5281224), lutein (PubChem CID: 5281243),
zeaxanthin (PubChem CID: 5280899), violaxanthin
(PubChem CID: 448438), a carotene (PubChem CID:
6419725), B carotene (PubChem CID: 5280489) were
also used as ligan candidate (Table 1). The open babel
integrated into the Pyrx program was used to convert
the SDF format of the ligand structure to a PDB file. It
was also used in minimizing free energy in the ligand
structure.

Figure 1. Molecule structure of retinoic acid receptor (RARs), retinoic X receptor (RXR) and retinoid-related orphan
receptors (RORs). Crystal structure of RARa (A), RARp (B), RARy (C), RXRa (D), RORa (E), RORB (F), and RORy (G)
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Figure 2. Molecular docking interaction of RARa-predicted ligand candidate (zeaxanthin (C), astaxanthin (D) and lutein
(E)) and native ligand (all trans retinoic acid (A) and 9 cis retinoic acid (B)) as comparison. Note: ---: Alkyl bound
type, ---: hydrogen bound type.

Table 1. The structure of native and targeted ligand candidate. Native ligand structure of all-trans retinoic acid (A) and
9 cis retinoic acid (B). Candidate targeted ligand structure of astaxanthin (C,H,,0,) (C), lutein (C,,H.,0,) (D),

407 5274
zeaxanthin (C, H. 0,) (E), violaxanthin (C, H, O,), a carotene (C, H.,), B carotene (C,H.,)
Ligand name Ligand structure Ligand name Ligand structure
All-rans retinoic acid Zeaxanthin
9 cis retinoic acid Violaxanthin
Astaxanthin o carotene
Lutein [ carotene
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2.2. Molecular Docking Validation

Molecular and visualization docking validation
were conducted using PyRx and Discovery Studio
Visualizer software. The docking validation result
was confirmed using RMSD scoring and was approved
when the RMSD scoring was less than or equal to two
(Kartasasmita et al. 2009).

3. Results

Astaxanthin is the only compound with active
binding sites on RARa, RARB, RORB, and RORy based
on binding affinity energy and RMSD value (Table
2). Some substances have active binding sites on
specific receptors. Furthermore, biomarkers, such
as astaxanthin, zeaxanthin, lutein, and carotene,
need a lot of energy to dock with RARy, RXRa, and
RORa. In contrast, some do not have active binding
sites on RARy, RXRa, and RORa. Therefore, carotenoid
compounds lack an active site in RARy, RXRa, and
RORa.

Zeaxanthin, astaxanthin, and lutein domain site
predictionin RARisin the Bdomain (Figure 2), and the

forms of alkyl and pi-alkyl bonds in each compound
control the binding to amino acid residues (Table 3).
In addition, hydrogen bonds are only found in native
ligands and astaxanthin compounds.

The domain sites of violaxanthin and astaxanthin
compounds in RAR are predicted to be A and B.
Meanwhile, zeaxanthin compounds are found in the
site A domain, while carotenoids are found in site
B (Figure 3, Table 4). The native ligand of all-trans
retinoic acid domain sites is on B. Alkyl and pi-alkyl
bonds dominate the relations between amino acid
residues and biomarker compounds (Table 4). The
amino acid residues in astaxanthin, zeaxanthin,
and native ligand, which are all-trans retinoic acid
compounds, contain hydrogen bonds.

Astaxanthin, a carotene, and [ carotene domain
site prediction in ROR is in A site (Figure 4, Table 5).
Alkyl and pi-alkyl bonds dominate the bonds formed
between the amino acid residue and the ligand. All
the amino acid residues in astaxanthin and all-trans
retinoic acid compounds contain hydrogen bonds,
and a pi-sigma bond was in the residue of 3 carotene-
RORB.

Table 2. The binding affinity of native ligand (all trans retinoic acid and 9 cis retinoic acid) and H. pluvialis biomarker
(astaxanthin, lutein, zeaxanthin, violaxanthin, o carotene, 3 carotene)

R " P " Native ligand Biomarker
eceptor Farameter All trans 9 cis Astax. Zeax. Viola. Lutein ocarotene [ carotene
retinoic retinoic
acid acid
RARa Binding Affinity -10.3 -9.8 -8.5% -8.6* -6.6 -8.5% -6.5 -9.3
(3KMR) RMSD/UB 2.377 2.512 2.544* 2.776% 20.777 2.222* 3.931 17.904
RMSD/LB 1.083 1.93 1.959* 2.103*  11.713 1.64* 1.62 1.317
RARB Binding Affinity -111 -79 -7.8* -8* -8.5% -74 -7.8* -8.3
(4DM8) RMSD/UB 2.432 4.044 2.71F 2.687* 2.05% 3.969 2.787* 38.499
RMSD/LB 1.087 2.32 1.425% 1.717*  1.403* 2.283 1.679* 33.008
RARy Binding Affinity ~ -11.2 -8 -4 -4 - -49 - 2.8
(2LBD) RMSD/UB 2.284 2.149 19.135 19.135 - 2.273 - 18.271
RMSD/LB 0.724 0.99 0.984 0.984 - 1.457 - 1.636
RXRa Binding Affinity -8.5 -89 10.1 - - 119 - -
(4ZSH) RMSD/UB 2.249 2.51 1.655 - - 1.428 - -
RMSD/LB 0.924 0.94 0.519 - - 1.204 - -
RORa Binding Affinity -8.7 -8.5 0.7 - - 24 -3.8 -4.5
(1IN83) RMSD/UB 2.862 2.223 1.941 - - 2.082 17.857 17.894
RMSD/LB 1.618 1.534 0.868 - - 1.57 1128 0.641
RORB Binding Affinity -94 -8.6 -7.6* -75 -75 -79 -7.7* -7.3*
(IN4H) RMSD/UB 1.946 4156 2.624* 6.113 18.716 26.789 2.035* 2.408*
RMSD/LB 1.248 215 1.921* 3.028 1.084 20.519 1.082* 1.381*
RORy Binding Affinity 73 -6.6 -8* -8 -8+ -78* -8.1 -79
(5K38) RMSD/UB 5.213 2.341 2.488* 4306 2.533* 2.078* 14.294 7.494
RMSD/LB 4.528 1.845 1.458* 2.093 1.613* 1.307* 7.296 6.101

Astax: Astaxanthin, Zeax: Zeaxanthin, Viola: Violaxanthin, *: value close to that of the natural ligand
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Table 3. Domain site, amino acid residu and bound type of RARa and predicted ligand candidate interaction (zeaxanthin,

astaxanthin, lutein)

Molecule interaction Domain site Amino acid residu Bound type
LYS79, CYS80, LYS83, PRO45, LYS83, CYS80, LEU114,  Alkyl
RARa-Lutein B ILE118, LEU111, LEU259, ILE115
PHE73, PHE131, PHE147 Pi-Alkyl
GLY236 Hydrogen bond
. CYS80, LEU114, ILE118, LEU111, LEU114, LEU259, Alkyl
RARa-Astaxanthin B ILE115, LYS79, LYSS3
PHE44, PHE73, PHE131, PHE147 Pi-Alkyl
CYS80, LEU114, LEU111, LEU259, ILE115, LYS79, Alkyl
RARa-zeaxanthin B CYS80, LYS83, PRO45
PHE44, PHE73, PHE131, PHE147 Pi-Alkyl
CYS80:SG Hydrogen bond
RARG-9 cis retinoic SER77 Carbon hydrogen bond
acid B ILE115, LEU150, VAL154, ARG239, VAL240, LEU243, Alkyl
LEU114, ILE118
PHE73, PHE131, PHE147 Pi-Alkyl
ARG121, SER132 Hydrogen bond
RARa-all trans ARG239, VAL240, LEU114, ILE115, ILE118, ILE255, Alkyl
retinoic acid B LEU111, VAL240, LEU259, CYS80, ARG117, ILE118
PHE73, PHE147 Pi-Alkyl
ARG121, SER132 Hydrogen bond
RARa-all trans ARG239, VAL240, LEU114, ILE115, ILE118, ILE255, Alkyl
retinoic acid B LEU111, VAL240, LEU259, CYS80, ARG117, ILE118
PHE73, PHE147 Pi-Alkyl

S Fa
Figure 3. Molecular docking interaction of RAR - predicted ligand candidate (violaxanthin

(B), zeaxanthin (C), astaxanthin

(D), and a carotene (E)) and native ligand (all trans retinoic acid (A)) as comparison. Note: ---: Alkyl bound type,
---: hydrogen bound type, ---: unfavorable bump
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Table 4. Domain site, amino acid residue and bound type of RARB and predicted ligand candidate (violaxanthin, zeaxanthin,

astaxanthin, o carotene).

Molecule interaction Domain site Amino acid residu Bound type
ARG369, PRO1347, LEU1344, PRO1347, PRO320, Alkyl
MET375
RARB-a carotene B HIS374 Pi-Alkyl
A PRO373 Hydrogen Bond
B . B LEU1344, PRO1347 Alkyl
RARp-astaxanthin A LEU321, PRO320, MET375 Alkyl
A HIS374 Pi-Alkyl
GLY393 Hydrogen Bond
RARB-zeaxanthin A ALA234, LEU233, LYS236, PRO202, LYS240, CYS237, Alkyl
LEU271, ILE275, LEU268, LEU271, ILE412, LEU416,
ILE412, LEU268
PHE230, PHE288, PHE304 Pi-Alkyl
A PRO320, ARG369, MET375 Alkyl
RARB-violaxanthin B PRO1347 Alkyl
A HIS374 Pi-Alkyl
ARG1278, SER1289 Hydrogen Bond
RARB-all trans PHE1304 Pi-Sigma
retinoic acid B ALA1234, LEU1271, ILE1272, ILE1275, ILE1412, Alkyl
LEU1268, LEU1416, CYS1237, ARG1274,
PHE1201, TRP1227, PHE1230, PHE1304 Pi-Alkyl

Figure 4. Molecular docking interaction of RORB-predicted ligand candidate (astaxﬁnthin

Astaxanthin, lutein, and violaxanthin domain site
prediction in RORy was in A and B (Figure 5, Table
6), and the domain site of 9 cis retinoic acids (native
ligands) was only in A. Furthermore, alkyl and pi-

alkyl bonds dominated the relations between amino  astaxanthin.
acid residues and biomarker compounds (Table 4).

(B), p carotene (C), o carotene
(D) and native ligand (all trans retinoic acid (A)) as comparison. Note: ---: Alkyl bound type, ---: hydrogen bound

type

Hydrogen bonds were found in some of the amino
acid residues of astaxanthin, violaxanthin, and 9 cis
retinoic acid compounds. Also, a carbon-hydrogen
bond was found in an amino acid residue of ROR-
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Table 5. Domain site, amino acid residu and bound type of RORp and predicted ligand candidate (astaxanthin,  carotene,

o carotene)

Molecule interaction Domain site Amino acid residu Bound type
GLN186 Hydrogen Bond
RORB-Astaxanthin A ALA166, ARG165, ILE206, ILE203, LEU199 Alkyl
TYR182, PHE183 Pi-Alkyl
TYRG65 Pi-Sigma
VALG67, LEU8S, LEU242, LYS89, ILE85, LEU86, LYS89 Alkyl
RORp-Pearotene A HIS61, TYRG5 Pi-Alkyl
ROR " A LYS173, ILE8, LEU177, LYS180, LYS176, LEU79, ARG7, Alkyl
p-acarotene LYS14, ILE13
TYR22, ARG102, ARG99 Hydrogen Bond
RORB-all trans retinoic acid A CYS55, ALA62, ALA135, ILE59, VAL96, LEU93, Alkyl
MET100, CYS55, ARG99 Pi-Alkyl

PHE113

Figure 5. Molecular docking interaction of RORy—predictéd l'igand candidate

(astaxanthin (B), lutein (C), violaxanthin (D))

and native ligand (9 cis retinoic acid (A)) as comparison. Note: ---: Alkyl bound type, ---: hydrogen bound type

4. Discussion

Table 7 showed that biomarker compounds bind
to specific receptors. The forming of dimers with
RXR activates biomarkers-RARs. Since no compounds
bind to RXR, only all-trans retinoic acid or 9 cis
retinoic acid can be used as a ligand to activate the
RXR-RAR heterodimer. Meanwhile, carotenoids are
classified into provitamin A and non-provitamin A.
The enzymes BCO1 convert provitamin A to all-trans
retinoic acid (Figure 6A). Therefore, Haematococcus

extract can be administered without the addition of
vitamin A. The biomarkers of astaxanthin, zeaxanthin,
lutein, violaxanthin, and o carotene as RAR ligands
control heterodimer by silencing RXR activity and
regulate transcription of their ligand response.
Furthermore, RXR serves as a silent partner in this
situation, and cannot respond to its ligand in RAR-
containing heterodimers unless its heterodimeric
partner is bound to an agonist (Le Maire et al. 2019).
Heterodimers RAR-RXR function as transcription
factors and activating retinoic acid respond elements
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Table 6. Domain site, amino acid residu and bound type of RORy and predicted ligand candidate (astaxanthin, violaxanthin,

lutein)
Molecule interaction Domain site Amino acid residu Bound type
A GLY432 Carbon Hydrogen Bond
B SER477 Hydrogen Bond
RORy-Astaxanthin A ILE350, VAL351, LYS354 Alkyl
ALA355, VAL351, PRO431,
B LYS354 Alkyl
A ALA355, GLU359 Hydrogen Bond
A VAL351, PRO431, VAL480,
RORy-Violaxanthin B ILE350 Alkyl
ILE350, VAL351, LYS354 Alkyl
A ILE350, VAL351, LYS354 Alkyl
RORy-Lutein ALA355, VAL351, LYS354,
B ILE350 Alkyl
HIS323 Hydrogen Bond
. o CYS320, VAL361, MET365,
RORy-9 cis retinoic acid A VAL376, LEU324, LEU287 Alkyl
PHE377, PHE378 Pi-Alkyl
Table 7. Biomarker related specific receptor
Receptor Biomarkers
RARa Astaxanthin Zeaxanthin Lutein - -
RARB Astaxanthin Zeaxanthin Violaxanthin - a carotene -
RORB Astaxanthin - - a carotene -
RORy Astaxanthin - Violaxanthin Lutein - B carotene

(RAREs) in the target genes promoter (Figure 6B)
(Conaway et al. 2013). This type of RXR heterodimer
is referred to as a non-permissive (de Almeida and
Conda-Sheridan 2019), and the VDR-RXR pair is the
case formed. RORB and RORy have binding sites for
certain biomarkers (Table 7). The majority of the
nuclear receptors have well-defined natural ligands,
while some are labeled as an orphan since natural
ligands are not well understood (Zhang et al. 2015). In
addition, RORs regulate gene transcription by binding
as monomers to ROR response elements (ROREs)
in target genes and constitutively activate gene
transcription (Jetten and Joo 2006). The tendency
of retinoids and carotenoid compounds to bind
with RORs makes the bone remodeling regulatory
mechanism more complex.

In silico docking of the Haematococcus carotenoid
biomarker as a replacement compound for vitamin A,
the RARs, and ROSs signaling pathways was shown.
There were 3 predictable roles of carotenoids in bone
regulation. First, Carotenoids and vitamin A, serve as
agonists while RAR and RXR serve as an inhibitor of
osteoblasts (bone formation) and osteoclasts (bone
resorption) (bone resorption) (Figure 7A). Agonist-
RAR serves as an inhibitor of osteoclast regulation

by inhibiting receptor activator of nuclear factor -xB
ligand (RANKL) forming. RANKL ligand stimulates the
development of monocytes (osteoclast progenitors)
into mature osteoclasts (Duong and Rodan 2001).
Agonist-RAR also inhibits bone mineralization
in osteoblasts by blocking the expression of
osterix, osteocalcin, and Runx2 (Yee et al. 2021).
Furthermore, osteocalcin (Oc) is a bone-specific
protein gene stimulated by osteoblasts in the final
step of differentiation during the mineralization of
extracellularmatrix development(PerwadandPortale
2011). Runt-related transcription factor 2 (Runx2) is
involvedinosteoblastdifferentiationand chondrocyte
maturation (Komori 2011). Second, carotenoid
(provitamin A and non-provitamin A) stimulates the
differentiation of osteoblasts (Figure 7A and B) (Yee
et al. 2021). Carotenoid improves the expression of
alkaline phosphatase (ALP), osteopontin, and Runx2.
Also, ALP expression is often used as a marker to
assess osteoblast development, but not for gene
analysis associated with the differentiation (Green et
al. 2016). The secreted phosphoprotein osteopontin
(OPN) belongs to the small integrin-binding ligand
N-linked glycoprotein (SIBLING) class of cell-matrix.
It participates in a variety of biological activities
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Figure 6. Provitamin A conversion and agonist biomarker compound schematic. Conversion of provitamin A carotenoid
into all-trans retinoic acid (A). BCO1's enzymatic activity aids in the formation of an all-trans retinal by splitting
the double bond chain at 15.15'. Meanwhile, RALDH is involved in the conversion of all-trans retinal to all-
trans retinoic acid. All trans retinal can also be converted into retinol by RDH/SDR. Retinol is then converted
into trans retinoic and retinyl ester, by ADH/RDH and CBRP facilities, respectively. Intracellular signaling of
agonist biomarker compound is in the complex of RAR-RXR, ROR, and VDR-RXR (B). In the lumen, retinol and
carotenoids (provitamin A) are converted into retinyl ester, which cannot be formed from non-provitamin A. The
chylomicron transports retinol and carotenoids into the bloodstream to target cells, and once retinyl enters the
target cells, it is converted into ATRA. Carotenoids and ATRA serve as agonists in the RAR-RXR, ROR, and VDR-
RXR complexes. Abbreviations: BCO1: enzyme p-carotene 15,15'-oxygenase 1. RALDH: retinal dehydrogenase.
RDH: retinol dehydrogenase. SDR: short-chain dehydrogenase/reductase. ADH: either alcohol dehydrogenase.
CRBP: cellular retinol-binding protein, ATRA: all-trans retinoic acid

and plays a significant role in bone metabolism and
homeostasis. Third, carotenoids serve as RXR agonists
in osteoblast control, forming complex heterodimers
with VDR (Lemon et al. 1997; Meyer et al. 2006).
Vitamin D3 (VD3)is a VDR agonist that works directly
on osteoblasts to stimulate bone cell development in
the skeletal system, prevent proliferation, control
differentiation, and regulate extracellular matrix
mineralization (Sutton 2005). Furthermore, VDR-RXR
formation regulates osteoblasts and osteoclasts by

increasing RANKL expression (Figure 7C) (Takahashi
et al. 2014), and also plays a role in mineralization.
VDR stimulates osteocalcin expression. (Macdonald
et al. 1993) dan ALP. VDR stimulates ALP significantly
during the osteoblast differentiation and (Anderson
1995) enhances mineralization (Woeckel et al
2010). The role of retinoids as ROR-agonists in
osteogenesis is poorly understood. In a mouse cell
culture experiment, the agonist-ROR decreased
the expression of osteocalcin and osterix genes
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Figure 7. Biomarker compound regulation prediction in bone remodeling. RAR-RXR agonists are involved in the
downregulation of RANKL and bone mineralization marker genes (A). Downregulation of RANKL prevents
monocyte activation through the binding of RANK and RANKL with an effect on osteoclast maturation. By
decreasing Runx2 expression, RAR-RXR agonists suppress the expression of osterix and osteocalcin (OCN)
genes. Furthermore, biomarkers act as activators in the regulation of bone mineralization in osteoblasts (B).
By increasing the expression of runx2, biomarker compounds affect the upregulation of alkaline phosphatase
(ALP) and osteopontin (OPN). The agonists in the VDR-RXR complex regulate osteoclasts and osteoblast bone
mineralization (C). VDR-RXR agonists play a role in osteoclast control by upregulating RANKL and stimulating
monocyte cells through RANKL and RANK binding. In addition, the active monocyte cells then bind together
with 2-50 other monocytes to form osteoclasts. The VDR-RXR agonists stimulate the transcription pathway in
osteoblast control by increasing Runx2 expression, which results in the upregulation of ALP and OCN
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(Roforth et al. 2012). Therefore, it is reasonable to
state that agonist-RORs control downregulates bone
mineralization.

Carotenoids serve as RXR agonists in osteoblast
control, forming complex heterodimers with VDR
(Lemon et al. 1997; Meyer et al. 2006). Vitamin
D3 (VD3) is a VDR agonist that works directly on
osteoblasts to stimulate bone cell development in
the skeletal system, prevent proliferation, control
differentiation, and regulate extracellular matrix
mineralization (Sutton 2005). VDR-RXR formation
not only regulates osteoblasts but also regulates
osteoclasts by increasing RANKL expression (Figure
7C) (Takahashi et al. 2014). VDR-RXR has a role in
osteoblast mineralization. VDR stimulates osteocalcin
expression. (Macdonald et al. 1993) and ALP. VDR
stimulates ALP significantly during the osteoblast
differentiation period (Anderson 1995), providing a
means of enhancing mineralization (Woeckel et al.
2010).

The role of retinoids as ROR-agonists in
osteogenesis is poorly understood. In a mouse cell
culture experiment, however, agonist-ROR actually
decreased the expression of osteocalcin and osterix
genes (Roforth et al. 2012). As a result, it can be
inferred that agonist-RORs control downregulation
bone mineralization.

The complex structure of bone tissue results
in a balance between the activity of osteoblasts to
form matrix and osteoclasts (Crockett et al. 2011).
Malformations may result when the equilibrium is
broken, and such cases in fish were discovered from
the larval stage before adulthood. During the growth
season, Haematococcus can be used as a fish meal
additive to replace vitamin A. Since haematococcus
carotenoids inhibit RANKL, they should be used in
combination with VD3. The VDR-RXR heterodimer
can stimulate bone mineralization in osteoblasts
and RANKL, which promotes osteoclast maturation.
The Haematococcus administration dosage should
also be taken into consideration since excessive
doses potentially prevent the formation of VDR-RXR
heterodimers (Thompson et al. 1998). This is linked to
the agonist's role in promoting the formation of RXR
homodimers.

In conclusion, each Haematococcus biomarker
compound had certain binding sites on RAR, RAR,
ROR, and ROR following the docking results. The
only compound with binding sites on these four
receptors is astaxanthin. RAR and ROR agonists with
carotenoids serve as inhibitors of osteoclast control.
In the binding pathway with ROR, the expression
of genes involved in bone mineralization control is
reduced, and in the pathway with RAR, the formation
of RANKL is inhibited. Furthermore, Beta and alpha

carotenoids are provitamin A that can be converted
to all-trans retinoic acid using enzymes (native
ligand RAR and RXR). Haematococcus can be used in
conjunction with vitamin D in the formation of the
VDR-RXR heterodimer complex in normal fishbone
growth. Meanwhile, the VDR-RXR heterodimers can
activate the regulatory pathways of both osteoblasts
and osteoclasts. The dosage and duration of
Haematococcus administration are issues that should
be addressed for optimal outcomes.

Acknowledgements

I'd like to convey my heartfelt gratitude to all
of the members of Grouper Tim at the Institute
for Mariculture and Fisheries Extension for your
assistance and cooperation throughout my studies.
This research was funded by the Marine Fisheries
of Education Center, Ministry of marine affairs and
fisheries Republic of Indonesia.

References

Anderson, H.C, 1995. Molecular biology of matrix
vesicles. Clinical orthopaedics and related research
314, 266-280. https://doi.org/10.1097/00003086-
199505000-00034

Andrades, J.A., Becerra, J., Fernandez-Llebrez, P., 1996.
Skeletal deformities in larval, juvenile and adult
stages of cultured gilthead sea bream (Sparus
aurata L.). Aquaculture, 141, 1-11. https://doi.
org/10.1016/0044-8486(95)01226-5

Basaran, F, Ozbilgin, H., Ozbilgin, Y.D., Parug, S.S., Ozden,
0., 2009. The effect of lordosis severity on juvenile
sea bass (Dicentrarchus labrax L., 1758) swimming
performance. Turkish Journal of Zoology. 33, 413-419.

Benderdour, M., Fahmi, H., Beaudet, F,, Fernandes, ].C., Shi,
Q., 2011. Nuclear receptor retinoid-related orphan
receptor o1 modulates the metabolic activity of
human osteoblasts. Journal of cellular biochemistry.
112, 2160-2169. https://doi.org/10.1002/jcb.23141

Castillo, A.L, Sanchez-Martinez, R., Moreno, ].L., Martinez-
Iglesias, O.A., Palacios, D., Aranda, A., 2004. A
permissive retinoid X receptor/thyroid hormone
receptor heterodimer allows stimulation of prolactin
gene transcription by thyroid hormone and 9-cis-
retinoic acid. Molecular and cellular biology. 24,
502-513. https://doi.org/10.1128/MCB.24.2.502-
513.2004

Chatain, B., 1994. Abnormal swimbladder development and
lordosis in sea bass (Dicentrarchus labrax) and sea
bream (Sparus auratus). Aquaculture. 119, 371-379.
https://doi.org/10.1016/0044-8486(94)90301-8

Conaway, H.H., Henning, P., Lerner, U.H., 2013. Vitamin A
metabolism, action, and role in skeletal homeostasis.
Endocrine reviews. 34, 766-797. https://doi.
org/10.1210/er.2012-1071



HAYAT! J Biosci

Vol. 29 No. 3, May 2022

Crockett, ].C., Rogers, M.]., Coxon, F.P., Hocking, L.]., Helfrich,
M.H., 2011. Bone remodelling at a glance. Journal of
cell science. 124, 991-998. https://doi.org/10.1242/
jcs.063032

de Almeida, N.R., Conda-Sheridan, M., 2019. A review of the
molecular design and biological activities of RXR
agonists. Medicinal research reviews. 39, 1372-1397.
https://doi.org/10.1002/med.21578

Dose, ]., Matsugo, S., Yokokawa, H., Koshida, Y., Okazaki,
S., Seidel, U., Eggersdorfer, M., Rimbach, G. and
Esatbeyoglu, T., 2016. Free radical scavenging and
cellular antioxidant properties of astaxanthin.
International Journal of Molecular Sciences. 17, 103.
https://doi.org/10.3390/ijms17010103

Duong, LT, Rodan, G.A., 2001. Regulation of osteoclast
formation and function. Reviews in Endocrine
and Metabolic Disorders. 2, 95-104. https://doi.
org/10.1023/A:1010063225902

Fernandez, 1., Gisbert, E., 2011. The effect of vitamin A on
flatfish development and skeletogenesis: a review.
Aquaculture. 315, 34-48. https://doi.org/10.1016/].
aquaculture.2010.11.025

Forman,B.M.,Umesono,K.,Chen,].,Evans,R.M.,1995.Unique
response pathways are established by allosteric
interactions among nuclear hormone receptors.
Cell 81, 541-550. https://doi.org/10.1016/0092-
8674(95)90075-6

Fraser, M.R, De Nys, R, 2005. The morphology and
occurrence of jaw and operculum deformities
in cultured barramundi (Lates calcarifer) larvae.
Aquaculture. 250, 496-503. https://doi.org/10.1016/].
aquaculture.2005.04.067

Gavaia, P.J., Domingues, S., Engrola, S., Drake, P., Sarasquete,
C., Dinis, M.T,, Cancela, M.L, 2009. Comparing
skeletal development of wild and hatchery-
reared Senegalese sole (Solea senegalensis, Kaup
1858): evaluation in larval and post larval stages.
Aquaculture Research. 40, 1585-1593. https://doi.
org/10.1111/j.1365-2109.2009.02258.x

Green, A.C., Martin, TJ., Purton, LE., 2016. The role of
vitamin A and retinoic acid receptor signaling in
post-natal maintenance of bone. The jJournal of
steroid biochemistry and molecular biology. 155, 135-
146. https://doi.org/10.1016/j.jsbmb.2015.09.036

Grune, T., Lietz, G., Palou, A., Ross, A.C,, Stahl, W., Tang,
G., Thurnham, D., Yin, S.A., Biesalski, H.K., 2010.
B-Carotene is an important vitamin A source for
humans. The Journal of nutrition. 140, 2268-2285.
https://doi.org/10.3945/jn.109.119024

Haga, Y., Suzuki, T, Takeuchi, T, 2002. Retinoic acid
isomers produce malformations in postembryonic
development of the Japanese flounder, Paralichthys
olivaceus. Zoological science. 19, 1105-1112. https://
doi.org/10.2108/zsj.19.1105

Harada H.L, Miki R.I., Masushige S.H., Kato S.H., 1995. Gene
expression of retinoic acid receptors, retinoid-X
receptors, and cellular retinol-binding protein I in
bone and its regulation by vitamin A. Endocrinology.
136, 5329-5335. https://doi.org/10.1210/
endo.136.12.7588278

Jetten, A.M., Joo, ]J.H., 2006. Retinoid-related orphan
receptors (RORs): roles in cellular differentiation
and development. Advances in Developmental
Biology. 16, 313-355. https://doi.org/10.1016/S1574-
3349(06)16010-X

Jetten, A.M., 2009. Retinoid-related orphan receptors
(RORs): critical roles in development, immunity,

circadian rhythm, and cellular metabolism.
Nuclear receptor signaling. 7, nrs-07003. https://doi.
org/10.1621/nrs.07003

Johnson, E.A., An, G.H., 1991. Astaxanthin from microbial
sources. Critical Reviews in Biotechnology. 11, 297-
326. https://doi.org/10.3109/07388559109040622

Kartasasmita, R.E., Herowati, R., Harmastuti, N., Gusdinar, T.,
2009. Quercetin derivatives penambatan based on
study of flavonoids interaction to cyclooxygenase-2
penambatan turunan kuersetin berdasarkan studi
interaksi flavonoid terhadap enzim. Indonesian
Journal of Chemistry. 9, 297-302. https://doi.
org/10.22146/ijc.21545

Kochhar, D.M., 1973. Limb development in mouse embryo.
I. Analysis of teratogenic effects of retinoic acid.
Teratology. 7, 289-298. https://doi.org/10.1002/
tera.1420070310

Komori, T., 2011. Signaling networks in RUNX2-dependent
bone development. Journal of cellular biochemistry.
112, 750-755. https://doi.org/10.1002/jcb.22994

Koyama,E.,Golden,E.B.,Kirsch, T.,Adams,S.L.,Chandraratna,
R.AA., Michaille, ]JJ., Pacifici, M. 1999. Retinoid
signaling is required for chondrocyte maturation
and endochondral bone formation during limb
skeletogenesis. Developmental biology. 208, 375-391.
https://doi.org/10.1006/dbi0.1999.9207

Le Maire, A., Teyssier, C., Balaguer, P., Bourguet, W., Germain,
P.,2019.Regulation of RXR-RAR heterodimers by RXR-
and RAR-specific ligands and their combinations.
Cells. 8, 1392. https://doi.org/10.3390/cells8111392

Lemon, B.D., Fondell, ].D., Freedman, L.P., 1997. Retinoid
X receptor: vitamin D3 receptor heterodimers
promote stable preinitiation complex formation and
direct 1, 25-dihydroxyvitamin D3-dependent cell-
free transcription. Molecular and cellular biology. 17,
1923-1937. https://doi.org/10.1128/M(CB.17.4.1923

Li, D., Li, T, Wang, E, Tian, H., Samuels, H.H., 2002.
Functional evidence for retinoid X receptor (RXR)
as a nonsilent partner in the thyroid hormone
receptor/RXR heterodimer. Molecular and cellular
biology. 22, 5782-5792. https://doi.org/10.1128/
MCB.22.16.5782-5792.2002

Macdonald, P.N., Dowd, D.R., Nakajima, S., Galligan, M.A.,
Reeder, M.C., Haussler, C.A., Ozato, K., Haussler,
M.R., 1993. Retinoid X receptors stimulate and 9-cis
retinoic acid inhibits 1, 25-dihydroxyvitamin D3-
activated expression of the rat osteocalcin gene.
Molecular and cellular biology. 13,5907-5917. https://
doi.org/10.1128/mcb.13.9.5907-5917.1993

Menéndez-Gutiérrez, M.P,, Ricote, M., 2017. The multi-
facetedroleofretinoid Xreceptorinboneremodeling.
Cellular and Molecular Life Sciences. 74, 2135-2149.
https://doi.org/10.1007/s00018-017-2458-4



Kusumawati D et al.

Meyer, M.B., Watanuki, M., Kim, S., Shevde, N.K., Pike,
J-W., 2006. The human transient receptor potential
vanilloid type 6 distal promoter contains multiple
vitamin D receptor binding sites that mediate
activation by 1, 25-dihydroxyvitamin D3 in
intestinal cells. Molecular endocrinology. 20, 1447-
1461. https://doi.org/10.1210/me.2006-0031

Nagano, N., Hozawa, A., Fujiki, W., Yamada, T., Miyaki, K.,
Sakakura,Y.,Hagiwara,A.,2007.Skeletaldevelopment
and deformities in cultured larval and juvenile
seven-band grouper, Epinephelus septemfasciatus
(Thunberg). Aquaculture Research. 38, 121-130.
https://doi.org/10.1111/j.1365-2109.2006.01627.x

Naguib, Y.M.,2000. Antioxidant activities of astaxanthin and
related carotenoids. Journal of agricultural and food
chemistry. 48, 1150-1154. https://doi.org/10.1021/
jf991106k

Newsome, C.S., Piron, R.D., 1982. Aetiology of skeletal
deformities in the Zebra Danio fish (Bruchydanio
rerio, Hamilton-Buchanan). Journal of Fish Biology. 21,
231-237. https://doi.org/10.1111/j.1095-8649.1982.
tb04003.x

Nisar, N., Li, L., Lu, S., Khin, N.C., Pogson, B.]., 2015. Carotenoid
metabolism in plants. Molecular plant. 8, 68-82.
https://doi.org/10.1016/j.molp.2014.12.007

Perwad, F., Portale, A.A., 2011. Vitamin D metabolism
in the kidney: regulation by phosphorus and
fibroblast growth factor 23. Molecular and Cellular
Endocrinology. 347, 17-24. https://doi.org/10.1016/j.
mce.2011.08.030

Ranga, R., Sarada, AR, Baskaran, V., Ravishankar, G.A.,
2009. Identification of carotenoids from green
alga Haematococcus pluvialis by HPLC and LC-MS
(APCI) and their antioxidant properties. Journal of
microbiology and biotechnology. 19, 1333-1341.

Roforth, M.M., Liu, G., Khosla, S., Monroe, D.G., 2012.
Examination of nuclear receptor expression in
osteoblasts reveals RORP as an important regulator
of osteogenesis. Journal of Bone and Mineral Research.
27, 891-901. https://doi.org/10.1002/jbmr.1502

See, AW.M.,, Kaiser, M.E., White, ].C., Clagett-Dame, M.,
2008. A nutritional model of late embryonic vitamin
A deficiency produces defects in organogenesis at a
high penetrance and reveals newroles for the vitamin
in skeletal development. Developmental biology. 316,
171-190. https://doi.org/10.1016/j.ydbio.2007.10.018

Shah, M., Mahfuzur, R, Liang, Y., Cheng, ].J., Daroch, M.
2016. Astaxanthin-producing green microalga
Haematococcus pluvialis: from single cell to high
value commercial products. Frontiers in plant science,
7, 531. https://doi.org/10.3389/fpls.2016.00531

Sutton, A.L.M., 2005. The regulation and function of 1,
25-dihydroxyvitamin D (3)-induced genes in
osteoblasts. Case Western Reserve University.

Takahashi, N., Udagawa, N., Suda, T., 2014. Vitamin D
endocrine system and osteoclasts. BoneKEy reports,
3, 495. https://doi.org/10.1038 /bonekey.2014.17

Thompson, PD., Jurutka, PW., Haussler, C.A., Whitfield,
G.K, Haussler, M.R, 1998. Heterodimeric DNA
binding by the vitamin D receptor and retinoid X
receptors is enhanced by 1, 25-dihydroxyvitamin
D3 and inhibited by 9-cis-retinoic acid: evidence for
allosteric receptor interactions. Journal of Biological
Chemistry. 273, 8483-8491. https://doi.org/10.1074/
jbc.273.14.8483

Woeckel, VJ., Alves, R.D.A.M., Swagemakers, S.M.A., Eijken,
M., Chiba, H., Van Der Eerden, B.CJ., Van Leeuwen,
JPTM. 2010. 1a, 25-(OH) 2D3 acts in the early
phase of osteoblast differentiation to enhance
mineralization via accelerated production of mature
matrix vesicles. Journal of cellular physiology. 225,
593-600. https://doi.org/10.1002/jcp.22244

Yee, M.M.F,, Chin, K. Ima-Nirwana, S., Wong, S.K.,
2021. Vitamin A and bone health: a review on
current evidence. Molecules 26, 1757. https://doi.
org/10.3390/molecules26061757

Zhang, ]., Chalmers, M.]., Stayrook, K.R., Burris, L.L., Wang,
Y., Busby, S.A., Pascal, B.D., Garcia-Ordonez, R.D.,
Bruning, ].B., Istrate, M.A., Kojetin, D.J., 2011. DNA
binding alters coactivator interaction surfaces of
the intact VDR-RXR complex. Nature structural and
molecular biology. 18, 556. https://doi.org/10.1038/
nsmb.2046

Zhang, Y., Luo, X.Y.,, Wu, D.H., Xu, Y., 2015. ROR nuclear
receptors: structures, related diseases, and drug
discovery. Acta Pharmacologica Sinica. 36, 71-87.
https://doi.org/10.1038/aps.2014.120



